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HEL1OS MOVABLE HARTMNN BALL

H. [. Tucker, R. D. Day, R. O. Hedges, J. A. Hdnlon, Md B. L. Kortegaard

Los Alarms National Labo story
10S Alm3s, NM 87545

lntroductlm

0? of the slgnl?lcdnt research interests of
me LoS AlarmJ5 National Laboratory !s in the area
01 “laser fuslm, aevelopmnt.” The Hellos laser
facIlltY that we wIII be referring to In this paPer
ulllnldLely focuws elqht high-enerqy CO
bedn> cmtu a tdrgut at the center ot a 3. (4!%:;

test chdmber. krlng Lestb, the mvlrmnm?nt ot the
cndmt,er IS 1 4 l(J-6 turr vdcuum ana m,blent temper-
dttirw. WI drtltt’s coflceptlon of !ne Hellos tdrqet
cham~er I: show+) in Fig. 1.

Tdrgets used In these exper:...s’s are typ}celly
jLllJ unl dldln, which necessitates high-Preclslon
dll~lny md Posltlmlng tecrmlques for both the
targctS mu the ]as@r BedMs. The reldtlonshlp
betwewl the laser bewns Md the Cdrgett 1s dCCMlp-
Ilsneo by We tidr Undnn mdsi tectwlque,l lncllvl-
Oud\ beams d-e d]l~e(l by IIIPeCtlfIg a low.po9er

d]l~lmelt Id$dr L?mn throu~, the ‘aser optl C\,
7hl\ beam 1“, tutocrjlllmdtea UI t klnemdtlcdlly
pu~lt(cned sphurt ~hdrtmann Ddll) at the ch~er
center, FlyurI. : IS a Photogrtsptl of the lnslde of
t)ll! M! 10s tdrge~ C!lMIbVr, 5h091ny the tdrgel
lfI$urlIufIfW1hdII\WII&Irl the Ildrtmdll!l bd!],

For tdrget Iocatlon, two Orthogonally posl-
tmfsed dutocoillmatlng telescopes dre all~cd to
the Hdrtmdnn ball]. These telescopes dre sLlIse-
Cuent]y usecl tu posltlon the tdrget when the
Hdrtmann ball] 1s replaCed by the tdl”g~t. Thv
relationship of the telescopes t) the tdrget
insertion m?chdnism is shmm in FIy. 3. T)Ir
Hdrtmdnn bd]] is the reference for the op:lcal dnd
pPys Ic#l center ot the system.

As experlnwnt$ becme more sop415tIcatvd, d

requirement ‘or gredter fle~lblllty of the $y!tw
brwght about the deslyI of d movdb!e Hdrtn,Jn!l bd:!
(MHB) that enabled the idser beams.’ fOCd! Lwlnt, t~I
be dt positlor,$ Othw” thm the tdryrt celltvl”.

Figure 4 1s a ~otograph Jf the WB Jssem!)ly.

Oe%lgn Pdrwneters—

The de~:p pdraneters alctlited thd! t Ilt,
Hdrtmdnn bdll would be IImvdl]le wlth~n d fI.rrIII LUIMJ
with 2.5-VIII resolutlm ma ~?(l ~ dCLdrdCy, 1)1(’
Systen ISIu>t Operdtt’ l!I d ~ I lU- turr vdcdMn dlld
employs e~i$tlng Inser”tlon technlqu@$ dnd hdrJwd~u,
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per revolution. This gives a resolution of 0.5 urn
per step. To insure that the proper amount of
motion has occurred, an encoder rmunted on t.h e

motor shaft, which also resolves 1000 counts per
revolution, feeds back the number of steps the
stepping motor actually makes,

A linear slide assembly coupled with nmtor/
encoder exists in each of the x, y, and z axes.
Desired motion is preprograrmned and executed using
a microprocessor that stores eight positions plus
“O” position (bench mark) and allOws all the laser
beams to have separate focal points.

During the sequence of alignment, the auto-
call imatlng telescopes are aligmecl on the In SJCLJ

Hartmann ball, Chce allgnment is accomp)lshed, the
in situ Hartmann ball is replaced by the MHB
assembly, which IS allgneo to the autocolllmators.
software counters are set to zero. The Mi-b IS
shifted to a preset locatlon. Che or nmre laser
beams are now allgned to the new posltlon.

Testing of the MtiB

The MHB was tested to determine how accurately
the posltlon ot the’ Hartmann bdll co~ld be p~’t~
dlcted, To perform the test, the MHB wds placed or,
a three-aal$ measuring machine that was detern,lne.1

(9[NLM to be accurate over 1 m of trdvcl to wlthln 0.5 UM

In each dxls, The thermal environment in WI, II,
Fig, 3. Autocull]n]atlng telescope dnd targ~t these rm?asurements were made was controlled t,,

ln$ertlon mechdn)$rn placement in Hel}}s O,l”F,
taryct Chambet .

The te$tlny procedure consisted of Jctlv~llnu
one axis dt a time and measuring tht) ball poI,ItIII
in all three axes, This yielded a set ot Cdlli)td-

tion curves for the ball posltlon as a tun[tlo,l Ut

each axis mvement. Mult;ple-axes ir~vemwts wf,~,,
then made to determlnt? hcw well the Lall p(l>lIIuI,
could be predicted, k example ot thv callbrat l,,
curves IS shown in Fig, 5. By u$lny the callb,dtlo,l
curves, a particular posltlon Cdn be predicted t(l
within ●2CI um, Frcxr thesu ddtd, wv dlso Iear!l!,d
that a given po$ltlon would repeat )t$elf wlth)ll

●6 urn,

Flq, Q, MIIvdl)luHdrtmdnn ba)l 4SS(!Mbly.

The MM a5sembly 1s restricted to l~ss than a
bo” cone Of space III the target chamber, Thl\
proftle limltatlun also lnf lu,?nced rA!$l~\ of the
or!glnal target Ir}s?rtton Me(.harlt$m so phy$lcal
~roflie parvnktcrs Collld not t)? slgnlflc&ntly
al[pred,

The ddta thdt halve bec!n takw by tho tdr~}~,(
d)dgnostlc pe!”$o!lnul whun thd MtiU is 111 Its WII~),irIg

env Ironnwnl have vef”lt Ied the rrkdsuremvrlts mddtj utI
thv mvd~urlf,g maLhln(y,

conrlu~lons—.— .———-

Thv MW has bt~cn ifI operdt Ion for abL)Ut nlnr
months and has bwn performing quite WPII. It hd\
provided tllv Hello$ }as~r fu$lurl faclllty with
addltlunal tdrget illumfn~ttotl fl~l~lt;lllty $(J that
many addlt IOIIal paralrwtt,?s c411 bV Inve$tlg!ted 111
the realm of target im~li,,,lorlp4y’,IL$,
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rig. 5, Y-axis cdllbra!lun curve for Helios movable i!artmdnl,bdll.


